In this study, we analyzed the three-dimensional flow of Williamson (pseudoplastic) fluids upon a linear porous stretching sheet. The thermal radiation impact was taken into account. The transformed non-linear equations were solved by the homotopy analysis method (HAM). The influence of the embedded parameters tretching parameter, Williamson parameter, porosity parameter, thermal radiation parameter, thermophoresis parameter, Brownian motion parameter, Prandtl number and Biot number are presented on velocity, temperature and concentration functions in the graphs and explained in detail. The velocity function along the x-direction reduces with the impact of the stretching, porosity and Williamson parameters. Velocity along the y-direction increases with the stretching parameter, while it reduces with the porosity and Williamson parameters. The effect of Skin friction, heat transfer and mass transfer are shown numerically. The numerical values of surface drag force and the impact of different parameters are calculated and it is observed that increasing the stretching parameter and the porosity parameter reduces the surface drag force, while increasing the Williamson parameter augments the surface drag force. Higher values of the stretching parameter, the Prandtl number and the radiation parameter enhance the heat transfer rate, while the augmented value of the thermophoresis and Brownian motion parameters reduces the heat transfer rate, where higher values of the stretching parameter, thermophoresis and Brownian motion parameters enhance the mass transfer rate.
Introduction
The non-Newtonian fluids have many applications in the field of fluid mechanics. For instance, geophysics, chemical industries, biological sciences and petroleum industries are some common applications in various industries. Due to these applications, research in the area of non-Newtonian fluids has received attention. Such flows appear in food processing, plastic manufacturing, polymer processing, biological fluids, ice and magma flows. Cord depiction, extrusion and copper spiraling are significant aspects of fluid flow upon a stretching surface. There are various studies
Problem Formulation
Suppose the unsteady three-dimensional incompressible Williamson fluid flows past a linear stretching sheet. Also, it is assumed that along the xy-direction, the sheet is stretched. The motion of the fluid causes stretching of the sheet and the fluid occupies the space z > 0. The stretching sheet has been kept porous. Using the boundary layer approximation, the equations in Williamson fluid flow for continuity and momentum is given as [26] [27] [28] [29] [30] ∇.
where ρ, V, S, b, d/dt represent the density, velocity vector, Cauchy stress tensor, specific body force vector and material derivative, respectively. The mathematical equations for Williamson fluid are given as [10, 28] 
where τ represents the extra stress tensor, µ 0 indicates the limiting viscosity at zero, µ ∞ shows the limiting viscosity at infinite shear rate, Γ > 0 is the constant of time, 
where π = trace (   →   A   2 1 ). (6) π is the second invariant strain tensor. The mathematical equations for the stated problem are as follows [10, 28, 32] ∂u ∂x + ∂v ∂y
u ∂u ∂x
In Equations (7)- (9), u indicates the component of velocity in the x-direction, v is in the y-direction and w is in the z-direction, Γ represents Williamson fluid and ν indicates kinematic viscosity. In Equations (10) and (11) , k denotes thermal conductivity, T is the temperature, ρ is the dynamic viscosity, c p is the heat capacity, τ 1 represents the ratio of the heat capacity, D B is the Brownian motion coefficient, D T indicates the thermophoretic coefficient and q r is the radiative heat flux, which is defined as
where σ * , k are symbols used for the absorption coefficient and the Stefan Boltzmann constant, respectively. As T 4 = 4T 3 ∞ T − 3T 4 ∞ , implementing this in Equation (10) , it reduces to
The equivalent boundary conditions for the said problem are given here as
In the preceding equation, U w and V w are the stretching velocities, a and b are positive constants, where c = a b , h f , h s are the convective heat and mass transmission coefficients, T f is the convective fluid temperature and C is the concentration below the moving sheet.
In view of the above equations, the similarity variables are defined as
In view of Equation (15) , Equation (7) is satisfied, Equations (8), (9) , (11) , and (13) are reduced to
With boundary conditions
In the above equations, We = Γx √ 2a 3 /ν represents Williamson parameter, γ = ν/ak indicates the porosity parameter, Pr = ρνc p /k indicates the Prandtl number, Rd = 4σT 3 ∞ /kk * represents the thermal radiation parameter, 
Solution by Homotopy Analysis Method
For the solution of obtained nonlinear model Equations (16)- (19) with modeled boundary Conditions (20), we have used the Homotopy Analysis Method (HAM). The preliminary suppositions are chosen as follows:
The L f , L g , L θ and L φ are linear operators, which are taken as
which have the succeeding properties:
where λ 1 , λ 2 , λ 3 , λ 4 , λ 5 , λ 6 , λ 7 , λ 8 , λ 9 , λ 10 are constant coefficients. The non-linear operators N f , N g , N θ and N φ are indicated as
the zeroth-order problems are defined as
The equivalent boundary conditions are
where ∈ [0, 1] is the implanting parameter, f , g , θ , φ are the parameters which were used to regulate the convergence of the solution. When = 0 and = 1, we have
Expanding f (η; ), g(η; ), θ(η; ) and φ(η; ) by Taylor's series
where
The secondary constraints f , g , θ and φ are nominated in such a way that the Series (35) converges at = 1. Changing = 1 in (35), we get
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The q th -order problem satiates the following
The boundary conditions are
Here
Discussion
The impacts of emerging parameters have been presented in this section. The emerging parameters are stretching parameter (c), Williamson parameter (We), Porosity parameter (γ), thermal radiation parameter (Rd), Prandtl number (Pr), thermophoresis parameter (Nt), Brownian motion parameter (Nb) and Biot numbers (Bi 1 , Bi 2 ) on velocities profiles ( f (η), g (η)), temperature profile θ(η) and concentration profile φ(η). Figure 1 shoe the physical sketch of the flow. Figures 2-9 are plotted to observe the impact of these emerging parameters. Figure 2a is presented to see the impression of stretching parameter c on f (η), g (η), θ(η) and φ(η). Physically the stretching parameter is the ratio of the fluid velocity along the x-direction to the fluid velocity along the y-direction. So this parameter is directly related to the velocity in the y-direction and related indirectly to the velocity in the x-direction. Because of this reason, the stretching parameter reduces f (η) in the x-direction, as shown in Figure 2a , and the stretching parameter enhances g (η) in the y-direction, as shown in Figure 2b Figure 3a ,b shows the impact of (We) on f (η), g (η) in the x-and y-directions respectively. This parameter is the ratio of the relaxation to retardation time. The relaxation time is enhanced by increasing the Williamson parameter. Because of this, the fluid viscosity increases and as a result the velocity of fluid particles falls. Figure 4a ,b shows the impact of (γ) on f (η), g (η). Physically, the porous medium influences the boundary layer, which leads to acceleration of the fluid. Due to this fact, the velocity profile reduces with the enhancement of the porosity parameter. Figure 5 shows the impact of (Rd) on θ(η). We see from the figure that the enhancement of (Rd) upsurges θ(η). (Rd) plays a significant role in the heat transmission process. When we increase thermal radiation, the temperature of the boundary layer flow enhances. Figure 6 depicts the impact of (Pr) on θ(η). Physically, with the increasing in the Prandtl number, the thermal diffusion diminishes, and also a small amplitude of oscillation in temperature occurs. Therefore, θ(η) reduces with increasing (Pr). Figure 7a , b depicts the impact of (Nt) on θ(η) and φ(η). Here we see that the enhancement of (Nt) reduces θ(η) and φ(η). In addition, thermophoresis is high in Newtonian fluids as compared to non-Newtonian fluids. Figure 8a ,b depicts the impact of (Nb) on θ(η) and φ(η). In Figure 8a , we see that θ(η) enhances with the enhancement of (Nb), while the opposite behavior of (Nb) on φ(η) can be seen in Figure 8b . Figure 9a -c depicts the impact of (Bi 1 , Bi 2 ) on θ(η) and φ(η). From the figure, we can see that the increase of Biot numbers (Bi 1 , Bi 2 ) causes an increase in the temperature and concentration profiles. The numerical values of the surface drag force and impact of the different parameters; We, γ and c, are shown in Table 1 . It is observed that increasing c and γ reduces the surface drag force f (0) and g (0), while increasing We augments the surface drag force f (0) and g (0). Table 2 displays the numerical values of the heat transfer rate for the different embedded parameters; c, Pr, Rd, Nb and Nt. It is concluded from Table 2 , that the higher values of c, Pr and Rd enhance the heat transfer rate, while the augmented value of Nb and Nt decrease the mass transfer rate. Table 2 presents the numerical values of the mass transfer rate for the different embedded parameters; c, Le, Nb and Nt. Here we observed that the higher values of c, Nb and Nt enhance the mass transfer rate, while the augmented value of Le reduces the heat transfer rate. Tables 1-3 
Conclusions
In this article we have analyzed three-dimensional Williamson fluid flow past a linear porous and stretching sheet with the effect of thermal radiation. The system of equations has been solved by the homotopy analysis method. The impact of implanted parameters has been deliberated through graphs and discussed in detail. The concluding observations are as follows:
The velocity function f (η) reduces with enhancement of f (η), (We) and (γ).
• The velocity function g (η) improves with enhancement of the stretching parameter, while reduces with an increase in (γ) and (We).
•
The temperature function θ(η) improves with an increase in (Rd), (Nt), (Nb) and (Bi 1 , Bi 2 ), while reduces with an increase in (c) and (Pr).
The concentration function φ(η) enhances with an increase in (Nt) and (Bi 2 ), while reduces with an increase in (c) and (Nb).
It is observed that increasing c and γ reduces the surface drag forces f (0) and g (0), while increasing We augmented the surface drag forces f (0) and g (0). • Nt. It is concluded from Table 2 , that the higher values of c, Pr and Rd enhance the heat transfer rate, while the augmented values of Nb and Nt decline the heat transfer rate.
